Abstract
in contact dependent lysis of target cells. However, this was also accompanied by a 23 physiological cost leading to reduced fitness when in co-culture with wild-type X. citri. We 24
show that T4SS production is constitutive despite being downregulated by CsrA. Cells 25 subjected to a wide range of rich and poor growth conditions maintain a constant density of 26 T4SSs in the cell envelope and concomitant interbacterial competitiveness. These results 27
show that CsrA provides a constant though partial repression on the virB operon, 28 independent of the tested growth conditions, in this way controlling T4SS-related costs while 29 at the same time maintaining X. citri's aggressive posture when confronted by competitors. response of increased msfGFP production from the virB operon (Figure 1d ). Importantly, the 152 removal of the 5'UTR B7 in this strain (X. citri ∆virB::P B7 -∆5'UTR B7 -msfgfp) caused msfGFP 153 levels to increase in the wild-type strain (Figure 1d ). This increase in msfGFP production in 154 the absence of 5'UTR B7 was only slightly lower than those observed in the X. citri ∆virB::P B7 -155 msfgfp ∆csrA and X. citri ∆virB::P B7 -∆5'UTR B7 -msfgfp ∆csrA strains, further confirming CsrA 156 regulation mediated by the 5'UTR B7 . We note that the ∆csrA background has an elaborate 157 effect on X. citri physiology (for instance, cultures display an intense flocculation and 158 decreased cell-sizes) and that this could account for the subtle differences in msfGFP 159 production observed between strains lacking csrA with or without the 5'UTR B7 in Figure 1d . 160
Next, the construction of a genomic deletion of the 5'UTR B7 , while keeping all other virB 161 genes intact, resulted in a 3.9-fold increase in expression levels in the X. citri Having established the direct role of CsrA in the repression of the virB operon, we asked 171 whether the interbacterial killing efficiency of X. citri would be enhanced in a strain lacking 172 the 5'UTR B7 . We used a X. citri virB10-msfgfp TL translational fusion strain (Sgro et al. 2018) in 173 order to assess the number of T4SSs that are present per cell (see Materials and Methods 174
and Figure 2b ). In this strain, the periplasmic VirB10 component has been replaced by a 175 VirB10-msfGFP chimera. Since each T4SS contains 14 copies of VirB10, assembled T4SSs can 176 be observed as fluorescent periplasmic foci and counted (Sgro et al. 2018 ). Deleting the 177 5'UTR B7 in the X. citri virB10-msfgfp TL genetic background resulted in a 2.6-fold increase in 178 the number of fluorescent T4SS foci that were counted per cell (Figure 2b ). We note that the 179 higher density of T4SSs in this strain leads to a more crowded periplasm, making it more 180 difficult to clearly separate individual foci, leading to an underestimation of total number of 181
T4SSs. Therefore, the calculated 2.6-fold increase should be considered a lower limit. As 182 could be expected, a higher number of T4SSs also increased the efficiency with which X. citri 183 lyses E. coli cells in a quantitative LacZ mediated CPRG-cleavage assay (Figure 2c ). Using the 184 slopes of the curves in the CPRG-cleavage assays as a measure of killing efficiency (see 185
Materials and Methods and (Sgro et al. 2018)), the Δ5'UTR B7 strain kills 2.14-fold more 186 efficiently than the X. citri wild-type strain under these conditions (Figure 2c ). However, 187 these results also show that under these conditions, removal of CsrA repression was not 188 necessary to observe T4SS dependent E. coli lysis in the CPRG assays (Figure 2c ). This is in 189 agreement with previously published spot assays and CFU-based competition assays, all 190 performed with wild type X. citri strains (Souza et al. 2015) . To test whether we could 191 identify conditions in which T4SS-mediated killing would be inhibited or enhanced, we 192 tested E. coli lysis efficiencies at 18°C or 28°C, at pH 6, 7 and 8, in absence of Fe 3+ and using 193 different carbohydrate sources (glucose, sucrose or starch; Figure 2d . These results also suggest that during the cell-cycle, when the 272 surface area gradually increases until cell division, T4SSs are added continuously. Therefore, 273 it seems that a X. citri population maintains the density of its T4SSs within a specific range 274 under a variety of nutritional conditions. The number of T4SSs relative to surface area (T4SS 275 density) could be an important factor in determining the probability that a X. citri cell is able 276 to successfully transfer effectors into a neighbouring target cell during interbacterial 277 competition. 278 279 T4SS overproduction in a ∆5'UTRB7 background has an impact on X. citri physiology and leads 280 to reduced growth speeds 281
Since ∆5'UTR B7 cells present a roughly 4-fold greater expression from the virB operon 282 (Figure 3a) and kills with approximately twice the efficiency as wild-type cells (Fig. 2c) , we 283 asked whether this putative advantageous feature could be counter-balanced by the 284 inherent metabolic cost of T4SS production. We therefore set up a co-culture experiment to 285 test whether overproduction of T4SSs in the ∆5'UTR B7 background leads to a detectable 286 growth defect in X. citri. For this we took advantage of the difference in msfGFP production 287 levels between X. citri virB11-msfgfp and X. citri ∆5'UTR B7 virB11-msfgfp (Figures 2a and 3a increase T4SS production and T4SS-dependent killing by wild-type X. citri cells (Figures 2d,  322 2e and 3a). Therefore, the removal of CsrA repression does not seem to be required to 323 induce production of the T4SS. Rather, CsrA repression maintains a discrete number of 324 T4SSs in the cell envelope over a range of different growth conditions tested (Figures 2 and  325 3). 326
Several factors can be imagined influencing the efficiency with which a X. citri cell can 327 mount a successful contact-dependent attack. Firstly, a T4SS needs to be present at the 328 contact interface between the attacking X. citri cell and the target rival cell. After a 329 successful contact, T4SS effectors need to be translocated through the T4SS. This is 330 dependent on both the availability of effectors and importantly, ATP to power the secretion. , it was not surprising that we were able detect a reduction in the fitness of the X. citri 382 strain in which CsrA-based repression was removed (Figure 4) . 383
Inter-bacterial competition is increasingly being shown to be crucial for the fitness, survival 384 by CsrA, seems to guarantee constant densities of T4SSs that provide protection against rival 390 bacteria, but not too many to represent a metabolic burden, thus maintaining a balance 391 likely to be crucial for X. citri in the varied natural environments it encounters during its life 392 cycle, both within and outside of its plant host. 393
394

Materials and Methods
395
Bacterial strains, media and culturing. 396
All strains used are listed in Supplemental Table S1 . For all experiments, strains were grown 397 in defined AB media containing 15mM (NH 4 ) 2 SO 4 , 17mM Na 2 HPO 4 , 22mM KH 2 PO 4 , 50mM 398 NaCl, 0.1 mM CaCl 2 , 1 mM MgCl 2 and 3 µM FeCl 3 , at pH 7.0, supplemented with 10 µg/mL 399 thiamine and 25 µg/mL uracil and varying concentrations of carbohydrate sources and 400 casamino acids as described in the text. 
